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
$EVWUDFW
6SHFWUDOLQWHUIHUHQFHLVH[SHULPHQWDOO\GHPRQVWUDWHGE\WZRWHUDKHUW]SXOVHVHPLWWLQJ
IURPILODPHQWVLQGXFHGE\WZRVXFFHVVLYHIHPWRVHFRQGODVHUSXOVHVLQDLU+HUHDOHDGLQJ
SXOVHLVVHWWREHZHDNHUWKDQDWUDLOLQJSXOVHDQGWKHLUWHPSRUDOVHSDUDWLRQLVODUJHUWKDQ
WKH SXOVH GXUDWLRQ RI WKH WHUDKHUW] SXOVHV :KHQ WKH OHDGLQJ SXOVH LV VWURQJHU WKDQ WKH
WUDLOLQJ SXOVH WKH IUHTXHQF\ PRGXODWLRQ ZLWKLQ WKH ZKROH WHUDKHUW] HQYHORSH LV JUHDWO\
GHWHULRUDWHG GXH WRQRQOLQHDU HIIHFWV DSSO\LQJ RQ WKH WUDLOLQJ SXOVH WKURXJK WKH SODVPDV
JHQHUDWHGE\WKHOHDGLQJSXOVHV6XFKXQLTXHWHUDKHUW]VSHFWUXPPD\ILQGDSSOLFDWLRQVLQ
WHUDKHUW]VSHFWURVFRS\


7KH WHFKQLTXHRI WHUDKHUW] WLPHGRPDLQ VSHFWURVFRS\7+]7'6 HPHUJHV WREHFRPHYDOXDEOH
IRUSRWHQWLDODSSOLFDWLRQVLQPDQ\DUHDVVXFKDVVHFXULW\FRPPXQLFDWLRQDQGPHGLFLQHHWF)RU
H[DPSOHLQWKHVHFXULW\DUHDQRWRQO\FDQ7+]ZDYHVSURSDJDWHWKURXJKFORWKVDQGSDFNDJLQJ
PDWHULDOVEXWDOVRWKH\FDQEHXVHGWRLGHQWLI\LPPHGLDWHO\PRVWRIWKHKLGGHQH[SORVLYHVZKLFK
IHDWXUH XQLTXH ILQJHUSULQWV ZLWKLQ WHUDKHUW] UHJLRQ >@ /DVHULQGXFHG SODVPDV
SKRWRFRQGXFWLYH WHUDKHUW] DQWHQQDV DQG QRQOLQHDU FU\VWDOV DUH HIIHFWLYH WHUDKHUW] HPLWWHUV WR
JHQHUDWHEURDGEDQG WHUDKHUW]SXOVHVZKLFKFDQEHXVHGIRUWHUDKHUW]WLPHGRPDLQVSHFWURVFRS\
>@ ,QVRPHRFFDVLRQVKRZHYHUWKHVHWHUDKHUW]VRXUFHVDUHQRWSRZHUIXOHQRXJK WRSURYLGH
UHOLDEOHVSHFWUDHVSHFLDOO\LQWKHFDVHWKDWWKH7+]7'6V\VWHPLVZRUNLQJLQDUHIOHFWLYHPRGH
7KHQRUPDOZD\WRREWDLQDPRUHUHOLDEOHWHUDKHUW]VSHFWUXPLVWRLQFUHDVHWKHGDWDDFTXLVLWLRQ
WLPH
,Q WKLV /HWWHU ZH GHPRQVWUDWH VSHFWUDO LQWHUIHUHQFH RI WZR WHUDKHUW] SXOVHV HPLWWLQJ IURP
IHPWRVHFRQG ODVHU ILODPHQWV ZLWK WHPSRUDO VHSDUDWLRQ ODUJHU WKDQ WKH SXOVH GXUDWLRQ RI WKH
WHUDKHUW]SXOVHV7KHWHUDKHUW]VSHFWUDOVLJQDOVDUHHQKDQFHGE\WKHLQWHUIHUHQFHRIWZREURDGEDQG
WHUDKHUW]SXOVHVZKLFKFRXOGEHQHILWWKHUHVROXWLRQRIWKHVSHFWUXPIRUD7+]7'6V\VWHP
,QRXUH[SHULPHQWVDN+]QPIV7LVDSSKLUHODVHUEHDPZDVVSOLWLQWRWZRDUHIHUHQFH
EHDPDQGDFRQWUROEHDP7KHHQHUJ\RIWKHUHIHUHQFHDQGFRQWUROEHDPVZHUHP-DQG
P-UHVSHFWLYHO\7KHWHPSRUDOGHOD\EHWZHHQWKHUHIHUHQFHDQGFRQWUROEHDPVLVDGMXVWDEOHE\D
WUDQVODWLRQVWDJH7KHWZREHDPVZHUHUHFRPELQHGWRJHWKHUE\DEHDPVSOLWWHU$IWHUWKLVEHDP
VSOLWWHU ERWK EHDPV ZHUH IRFXVHG E\ D SODQRFRQYH[ OHQV ZLWK D IRFDO OHQJWK RI  FP
JHQHUDWLQJILODPHQWVLQDLU7KHWHUDKHUW]UDGLDWLRQVJHQHUDWHGE\WKHVHWZREHDPVZHUHFROOHFWHG
E\DSDLU RI SDUDEROLFPLUURUV DQGGHWHFWHGE\ DQHOHFWURRSWLF VDPSOLQJ (26GHYLFHZLWK D
! RULHQWHG =Q7H FU\VWDO RI  PP WKLFNQHVV >@ $ ­PWKLFN VLOLFRQ ZDIHU ZDV


DSSOLHGEHWZHHQ WKH WZRSDUDEROLFPLUURUV WREORFN WKHUHVLGXDO IXQGDPHQWDOSXOVHVDQGZKLWH
OLJKWIURPWKHILODPHQWV
:HPHDVXUHGWHUDKHUW]UDGLDWLRQVIURPILODPHQWVJHQHUDWHGE\WKHUHIHUHQFHDQGFRQWUROEHDPVDW
HDFK VSHFLILF GHOD\ 7KH WHUDKHUW] ZDYHIRUPV DQG WKHLU )RXULHU WUDQVIRUP VSHFWUD IRU HDFK
WHPSRUDO GHOD\ EHWZHHQ WKH UHIHUHQFH DQG FRQWURO EHDPV DUH VSHFLILHG LQ )LJV  DQG 
UHVSHFWLYHO\)LJXUHDSUHVHQWVWKHW\SLFDOWHUDKHUW]ZDYHIRUPREWDLQHGIURPILODPHQWVFUHDWHG
E\WKHUHIHUHQFHEHDPRQO\DQG)LJEIRUWKHFRQWUROEHDPRQO\7KHLUFRUUHVSRQGLQJVSHFWUD
DUHVKRZQLQGDVKHGOLQHIRUWKHUHIHUHQFHEHDPDQGGRWWHGOLQHIRUWKHFRQWUROEHDPLQ)LJD
7KHLU VSHFWUDO SURILOHV RYHU WKH ZKROH WHUDKHUW] IUHTXHQF\ GRPDLQ DUH VLPLODU 7KH VSHFWUDO
DPSOLWXGHIRUWKHUHIHUHQFHEHDPKRZHYHU LVORZHUEHFDXVHWKLVEHDPLVZHDNHUFRPSDUHG WR
WKHFRQWUROEHDP:KHQERWKWKHUHIHUHQFHDQGFRQWUROEHDPVLQLWLDWHILODPHQWVWKHZDYHIRUPV
DQGVSHFWUDRIWHUDKHUW]UDGLDWLRQVIURPWKHILODPHQWVPDNHLQWHUHVWLQJFKDQJHV,QWKHFDVHRIQR
WHPSRUDO GHOD\ EHWZHHQ WKH UHIHUHQFH DQG FRQWURO EHDPV >)LJ F@ WKH VSHFWUDO SURILOHV RI
WHUDKHUW] UDGLDWLRQ IURP WKHVH WZR EHDPV DUH WKH VDPH DV WHUDKHUW] HPLVVLRQ HLWKHU IURP WKH
UHIHUHQFH EHDP RU IURP WKH FRQWURO EHDP $QG LWV VSHFWUDO DPSOLWXGH LV FORVH WR WKH VXP RI
WHUDKHUW]HPLVVLRQSURGXFHGE\ WKHUHIHUHQFHDQGFRQWUROEHDPV>VROLG OLQH LQ)LJD@:KHQ
WKHVWURQJSXOVHFRQWUROEHDPLVSVGHOD\HGIURPWKHZHDNSXOVHUHIHUHQFHEHDPWKHWLPH
GLIIHUHQFHRIWKHWZRWHUDKHUW]SXOVHVJHQHUDWHGE\WKHVHWZREHDPVLVODUJHUWKDQWKHWHUDKHUW]
SXOVHV
WHPSRUDOZLGWK>)LJG@&RPSDUHGZLWKWKHWHUDKHUW]ZDYHIRUPREWDLQHGZLWKRQO\WKH
FRQWUROEHDPLQ)LJEWKHSKDVHRIWKHWHUDKHUW]ZDYHIRUPUDGLDWHGIURPWKHGHOD\HGFRQWURO
EHDP VOLJKWO\ FKDQJHV ZKLOH WKH PRGLILFDWLRQ LQ LWV DPSOLWXGH LV QHJOLJLEOH >)LJ G@
0HDQZKLOH IUHTXHQF\PRGXODWLRQ LVREVHUYHGZLWKLQWKHZKROHWHUDKHUW]VSHFWUDOHQYHORSHDV
VKRZQE\VROLGOLQHLQ)LJE:KHQWKHUHIHUHQFHEHDPLVSVDKHDGRIWKHFRQWUROEHDPWKH
ZKROHVSHFWUXPVKRZVLQFUHDVHGIUHTXHQF\PRGXODWLRQDFFRPSDQLHGZLWKPRUHSHULRGLFSHDNV


DQGQDUURZHUEDQGZLGWKDVVKRZQE\VROLGOLQHLQ)LJF7KHZDYHIRUPRIWKHWHUDKHUW]SXOVH
HPLWWLQJ IURP WKH SV GHOD\HG FRQWURO EHDP LV TXLWH VLPLODU WR WKDW REWDLQHG ZLWK WKH SV
GHOD\HGFRQWUROEHDP>)LJVGDQGH@
:KHQWKHVWURQJSXOVHFRQWUROEHDPSURSDJDWHVDKHDGRIWKHZHDNSXOVHUHIHUHQFHEHDPWKH
DPSOLWXGHVRIWKHWHUDKHUW]ZDYHIRUPVUDGLDWHGIURPWKHGHOD\HGUHIHUHQFHEHDPVDUHUHGXFHGWR
DTXDUWHURIWKHWHUDKHUW]VLJQDOHPLWWLQJIURPWKHRULJLQDOUHIHUHQFHEHDPDVVKRZQLQ)LJVI
DQGJ7KHLUFRUUHVSRQGLQJVSHFWUDODPSOLWXGHVDUHVKRZQLQGRWWHGOLQHVLQ)LJVEDQGF
,W LV REYLRXV WKDW WKH IUHTXHQF\ PRGXODWLRQSKHQRPHQRQ EHFRPHV ZHDNHU DQG QRLV\ WKDQ WKH
WHUDKHUW] VSHFWUD REWDLQHGZKHQ WKH FRQWURO SXOVHSURSDJDWHV EHKLQG WKH UHIHUHQFHSXOVH7KLV
GUDPDWLFGURS LQWKHWHUDKHUW]DPSOLWXGHFUHDWHGE\WKHUHIHUHQFHSXOVHLVGXH WRWKHQRQOLQHDU
LQWHUDFWLRQEHWZHHQ WKH WZRILODPHQWVJHQHUDWHGE\ WKHUHIHUHQFHDQGFRQWUROSXOVHV:KHQ WKH
UHIHUHQFHSXOVHSURSDJDWHVDIWHUWKHFRQWUROSXOVHLWZLOOIHHOWKHVWURQJSODVPDGHIRFXVLQJHIIHFW
LQGXFHGE\ILODPHQWDWLRQSURFHVVRIWKHFRQWUROSXOVH&RQVHTXHQWO\PRVWRILWVSXOVHHQHUJ\LV
GLIIUDFWHGRXWWRWKHHQHUJ\UHVHUYRLU>@ZKLFKUHVXOWVLQWKHJHQHUDWLRQRIDZHDNHUWHUDKHUW]
SXOVH +RZHYHU WKH HQHUJ\ RI WKH FRQWURO SXOVH LV KLJK HQRXJK WR RYHUFRPH WKH SODVPD
GHIRFXVLQJHIIHFWLQGXFHGE\ILODPHQWDWLRQSURFHVVRIWKHUHIHUHQFHSXOVHZKHQWKHFRQWUROSXOVH
WUDYHOV EHKLQG WKH UHIHUHQFH SXOVH ,Q WKLV VLWXDWLRQ WKHUHIRUH QR REYLRXV GHFUHDVH LQ WKH
DPSOLWXGHRI WKH WHUDKHUW]SXOVH JHQHUDWHGE\ WKH FRQWURO EHDP LV REVHUYHG H[FHSW IRUPLQRU
FKDQJHVLQWKHSKDVHRIWKLVSXOVH
7KHHYROXWLRQRIWKHVSHFWUDOIXOOZLGWKDWKDOIPD[LPXPRIWKHVHSHULRGLFSHDNVDVDIXQFWLRQRI
WKH WHPSRUDO GLIIHUHQFHEHWZHHQ WKH UHIHUHQFH DQG FRQWUROSXOVHV LV LOOXVWUDWHG LQ )LJ (DFK
SRLQW FRUUHVSRQGV WR DQ DYHUDJH VSHFWUDO ZLGWK RI WKH SHULRGLF SHDNV PHDVXUHG DW D VSHFLILHG
WHPSRUDO GHOD\ EHWZHHQ WZR SXOVHV LQ WKH H[SHULPHQW $OO WKHVH GDWD DUH FROOHFWHG ZKLOH WKH
FRQWUROEHDPWUDYHOV LQ IURQWRI WKH UHIHUHQFHEHDP :KHQ WKH WHPSRUDO VHSDUDWLRQRI WKH WZR


SXOVHVLQFUHDVHVIURPSVWRSVWKHWHUDKHUW]VSHFWUDOZLGWKGURSVIURP7+]WR
7+]DFFRUGLQJO\7KLVPHDVXUHPHQWLQGLFDWHVWKDWWKHSHULRGLFSHDNVEHFRPHQDUURZHUZLWKWKH
LQFUHDVHRIWLPHGHOD\EHWZHHQWKHWZRODVHUSXOVHV7KLVVSHFWUDOZLGWKFXUYHFDQEHZHOOILWWHG
VROLGOLQH)LJE\XVLQJWKHIROORZLQJHTXDWLRQ
 '' WI                                
ZKHUH I'  LV WKH WHUDKHUW] VSHFWUDO ZLGWK DW KDOI PD[LPXP DQG W'  LV WKH WLPH GLIIHUHQFH
EHWZHHQWKHUHIHUHQFHDQGFRQWURO WHUDKHUW]SXOVHV7KLVREVHUYDWLRQVXJJHVWVWKDW WKH WHUDKHUW]
VSHFWUDOZLGWK I' RQO\GHSHQGVRQWKHWLPHGLIIHUHQFHEHWZHHQWZRWHUDKHUW]SXOVHV W'  
7KHRFFXUUHQFHRIWKHVHSHULRGLFVSHFWUDOSHDNVZLWKLQWKHZKROHWHUDKHUW]VSHFWUDOHQYHORSHFDQ
EH H[SODLQHG E\ LQWHUIHUHQFH HIIHFWV RI WZR GHOD\HG WHUDKHUW] SXOVHV HPLWWLQJ IURP ILODPHQWV
IRUPHGE\ WZRGLVFUHWH VXFFHVVLYH IHPWRVHFRQG ODVHUSXOVHV D UHIHUHQFHSXOVH DQGDGHOD\HG
FRQWUROSXOVH(DFKVSHFWUDOSHDNLQWKHPRGXODWHGWHUDKHUW]VSHFWUXPUHSUHVHQWVDFRQVWUXFWLYH
LQWHUIHUHQFH RI WKLV VSHFWUDO FRPSRQHQW 7KH LQWHQVLW\ DW HDFK IUHTXHQF\ LV D FRKHUHQW
VXSHUSRVLWLRQRIWKHVSHFWUDOFRPSRQHQWVIURPWKHUHIHUHQFHDQGFRQWUROWHUDKHUW]SXOVHVDWWKLV
PHDVXUHGZDYHOHQJWKO >@LH
> @ FRVa  OOSOOO &G((, FRQWUROUHI ¹¸·©¨§               
ZKHUHG LV WKHGLVWDQFHEHWZHHQ WKH UHIHUHQFHDQG FRQWUROSXOVHV UHI( O  DQG FRQWURO( O  DUH
VSHFWUDODPSOLWXGHVRI WHUDKHUW]FRPSRQHQWV IURPWKHUHIHUHQFH DQGFRQWURO WHUDKHUW]SXOVHV DW
ZDYHOHQJWK O UHVSHFWLYHO\+HUH&O GHSHQGVRQWKHGLIIHUHQFHRI UHI( O  DQG FRQWURO( O 
ZKLFK HTXDOV WR ]HUR ZKHQ WKH UHIHUHQFH DQG FRQWURO EHDPV KDYH WKH VDPH HQHUJ\ )LJXUH 
LOOXVWUDWHV WKHH[SHULPHQWDO DQGFDOFXODWHGVSHFWUDO LQWHQVLW\RI WZR VXFFHVVLYH WHUDKHUW]SXOVHV


HPLWWLQJ IURP ILODPHQWV IRUPHG E\ WKH UHIHUHQFH EHDP DQG SV GHOD\HG FRQWURO EHDP 7KH
H[SHULPHQWDO FXUYH LV REWDLQHG E\ VTXDULQJ WKH DPSOLWXGH RI WKH WHUDKHUW] VSHFWUXP DFTXLUHG
ZKHQWKHFRQWUROEHDPSURSDJDWHVSVEHIRUHWKHUHIHUHQFHEHDP>VROLGFXUYHLQ)LJE@7KH
FDOFXODWLRQ LV EDVHG RQ WKH (T  DQG LW ILWV WKH H[SHULPHQWDO FXUYH YHU\ ZHOO 6RPH PLQRU
GLIIHUHQFH FRPHV IURP QRQOLQHDU LQWHUDFWLRQ RI WZR VXFFHVVLYH ILODPHQWV >@ 7KH SODVPD
LQGXFHGE\ WKH OHDGLQJ UHIHUHQFHEHDPDIIHFWV WKH IRUPDWLRQRI WKH ILODPHQWVJHQHUDWHGE\ WKH
WUDLOLQJ FRQWURO EHDP ZKLFK UHVXOWV LQ VRPH QRQOLQHDU HIIHFWV VXSHUSRVHG RQ WKH VSHFWUXPRI
WHUDKHUW] VSHFWUDO LQWHUIHUHQFH (TXDWLRQ  DOVR LQGLFDWHV WKDW WKH IUHTXHQF\ RI VSHFWUDO
PRGXODWLRQLVUHODWHGWRWKHWHPSRUDOVHSDUDWLRQEHWZHHQWKHWZRVXFFHVVLYHWHUDKHUW]SXOVHV7KH
IXUWKHUWKHWZRWHUDKHUW]SXOVHVGHSDUW IURPHDFKRWKHUWKHKLJKHUWKHIUHTXHQF\PRGXODWLRQLV
7KHUHIRUHWKHPRGXODWLRQIUHTXHQF\LQWKHWHUDKHUW]VSHFWUDOHQYHORSHFDQEHHDVLO\PDQLSXODWHG
E\PRGLILFDWLRQRIWKHWHPSRUDOVHSDUDWLRQRIWKHUHIHUHQFHDQGFRQWUROSXOVHV$OVRWKHVSHFWUDO
SHDNVFDQEHVPRRWKO\WXQHGLQWKHVDPHZD\
,QFRQFOXVLRQZHKDYHSURGXFHGVSHFWUDO LQWHUIHUHQFH LQ WKH WHUDKHUW] UHJLRQE\ WZR WHUDKHUW]
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